When a laser, like laser diode 10, is used in an elec tronic image printer, printer optics couples radiation output from laser diode 10 into a "writing spot" of radiation, which writing spot impinges upon a photo sensitive print medium. In past attempts to fabricate a printer using a commercially available embodiment of laser diode 10, the writing spot produced has comprised only 40% to 50% of the radiation output from laser diode 10. This occurs because the printer optics is lim ited in its ability to collect radiation output from the commercially available embodiments of laser diode 10 since those diodes have a large far field angular diver gence of the radiation output therefrom in a direction perpendicular to the diode junction. For example, the typical commercially available embodiments of laser diode 10 have a far field angular divergence of ~60 degrees full width at half maximum (FWHM).
For this application the quantum well laser diode 10 is preferred to a double heterostructure (DH) laser for many well-known reasons. One such reason is that the quantum well laser has an advantage over a conven tional three-dimensional DH laser in that the tempera ture sensitivity of its threshold current is lower for the quantum well laser than for the DH laser. The art pre dicts that this occurs because of the effect of dimension ality on the temperature dependence of the effective density of states. Specifically, in an ideal two-dimen sional system, the density of states varies linearly as a function of temperature (T), rather than as T/2 which occurs in a DH laser. However, as stated in an article As one can readily appreciate from the above, there is a need in the art for a SQW-SC AlGaAs laser diode which has: (a) a relatively narrow far field angular di vergence perpendicular to the diode junction and (b) a relatively weak temperature dependence of threshold current. In addition, there is a need for such a laser which also has a relatively high efficiency of radiation output Further, a laser diode which has the desired combination of relatively narrow far field angular di vergence, weak temperature dependence of threshold current and relatively high efficiency could be used advantageously in an electronic printer.
SUMMARY OF THE INVENTION
Embodiments of the present invention satisfy the above-identified needs by providing a relatively narrow angular divergence, relatively high efficiency laser which has a relatively weak dependence of threshold current on temperature. Specifically, an embodiment of the present invention comprises a single quantum well, separate confinement, AlGaAs laser (SQW-SC Al GaAs) which is preferably grown by metal-organic chemical vapor deposition (MOCVD) according to design rules of this invention for passive slab waveguide structures. In particular, a preferred embodiment of the laser of this invention comprises the following sequen tially, grown epitaxial layers: (a) an n-GaAs substrate layer; (b) an n-AlGaAs cladding layer; (c) an AlGaAs waveguide layer; (d) a GaAs quantum well layer; (e) an AlGaAs waveguide layer; (f) a p-AlGaAs cladding layer; and (g) ap-GaAs cap layer As will be well under stood in the art, the Pdoped regions could alternatively be N doped and the N doped regions would then be P doped. Further, as will be described below in the De tailed Description, differences between embodiments of the laser of this invention and prior art laser diode 10 shown in FIG. 1 relate, in particular, to the thickness of the p and n doped AlGaAs cladding layer, and the particular alloys used to form the AlGaAs waveguide and cladding layers.
Embodiments of the present invention provide rela tively efficient lasers whose far field radiation angular divergence in a direction perpendicular to the diode 5 junction is significantly reduced when compared to that of prior art laser diode 10. As a result, embodiments of the laser of this invention can be used advantageously to increase the radiation output therefrom which is cou pled through a fixed aperture lens system-such as is used to form electronic printer optics-when compared to that of prior art laser diode 10. In addition, embodi ments of the laser of this invention can be used in a printer advantageously to relax the axial tolerance for collimation of a print head assembly because the laser may be used under lower magnification and with slower optics than those required when prior art laser diode 10 is used. In addition, embodiments of the laser of this invention have longer lifetimes, in operation, than those of prior art laser diode 10 because the laser of this inven tion has: (a) a larger spot size than that of prior art laser diode 10 and, as a consequence of this, a lower power density at its laser facet than that of prior art laser diode 10 and (b) a lower far field angular divergence than that of prior art laser diode 10 and, as a consequence of this, requires a reduced operating current to deliver the same power to, for example, a writing spot in an electronic printer. Quantum well, GaAs layer 203 is a thin, active region between the p-doped and n-doped semiconductor layers and is preferably located where injected carriers col lect, recombine and generate radiation. In the preferred embodiment of the present invention, optical power generated in layer 203 is confined to a fundamental lateral mode by AlGaAs waveguide layers 202 and 204 and by n-AlGaAs cladding layer 201 and p-AlGaAs cladding layer 205 disposed on either side of layer 203. In the preferred embodiment, the fundamental lateral mode extends well into cladding layers 201 and 205 for narrow waveguide structures. As such, reflection and absorption losses, as well as the overlap between the optical mode traveling in the laser cavity and the gain medium, i.e., the pumped quantum well layer 203, all determine the efficiency and threshold behavior of laser As a first step to developing the model, there is ob tained a solution to Maxwell's equations for a five-layer passive slab waveguide. A search algorithm, as is well known in the art, is then used to first find all allowed transverse electric (TE) modes and to thereafter find their associated near-field profiles. Next, the approxi mate facet field is determined for the fundamental TE mode in a manner which is well known to those of ordinary skill in the art. Finally, the far-field is deter mined using a Fourier transform method which is also well known to those of ordinary skill in the art. Another balance must be made in fabricating embodi ments of laser 20 in order to insure reliability. Specifi cally, as described above, laser 20 is preferably p-down bonded to provide a heat sink. When laser 20 is p-down bonded into, for example, indium solder, it has been found that increasing the thickness of p-AlGaAs layer 205 from the ~ 1 micron value used to fabricate prior art laser diode 10 to greater than 2 microns, avoids substantially all electrical shorts. This occurs because the p-n junction in laser 20 is thereby disposed at an increased distance from the solder.
Preliminary reliability studies performed on fabri cated embodiments of the laser 20 indicate that a life time of greater than 1300 hours at 400 mW output power is achievable. In addition, the waveguide dimen sions may be varied to obtain the large near-field spot Other embodiments of the invention, including addi tions, subtractions, deletions and other modifications of the preferred disclosed embodiments of the invention will be obvious to those skilled in the art and are within the scope of the following claims.
What is claimed is:
1. In a structure for a narrow divergence, single quan tum well, separate confinement, laser, of the type which comprises an n-AlGaAs cladding epitaxial layer, a first AlGaAs waveguide epitaxial layer, a GaAs quantum well active epitaxial layer, a second AlGaAs waveguide epitaxial layer, a p-AlGaAs cladding epitaxial layer, and a GaAs cap epitaxial layer, all sequentially grown with respect to each other, the improvement comprising:
said n-AlGaAs cladding layer dimensioned to a thick ness which is greater than 2 microns and doped to a density less than 5X 1018/cm3; said first AlGaAs waveguide layer dimensioned to a thickness in a range between 400 and 700 Angstroms; said GaAs quantum well layer dimensioned to a thickness in a range between 50 and 200 Angstroms; said second AlGaAs waveguide layer dimensioned to a thick ness in a range between 400 and 700 Angstroms; and said p-AlGaAs cladding layer dimensioned to a thickness which is greater than 2.0 microns and doped to a density less than 5X1018/cm3.
2. The improved structure of claim 1 wherein said n-AlGaAs and said p-AlGaAs cladding layers are com prised of Alo.55Gao.45As within a plus or minus ten percent (10%) variation in concentration.
3. The improved structure of claim 1 wherein the first and second waveguide layers are comprised of AlGa1 xAs and x is substantially equal to or greater than ap proximately 0.30.
4. The improved structure of claim 3 wherein x is substantially equal to 0.35.
